To increase our knowledge of PM 2.5 concentrations near the surface in a forest park in Beijing, an observational study measured the concentration and composition of PM 2.5 in Beijing Olympic Forest Park from 2015 to 2016. This study analyzed the meteorological factors and removal efficiency at 1.5 m above the ground (human breathing height) over the course of the day in the forest. The results showed that the average concentrations of PM 2.5 near the surface peaked at 07:00-09:30 and reached their lowest at 12:00-15:00. In addition, the results showed that the annual concentration of PM 2.5 in the forest was highest during winter, followed by spring and fall, and was lowest during summer. The main chemical components of PM 2.5 near the surface in the forest were SO 4 2− and NO 3 − , which accounted for 68.72% of all water-soluble ions that we observed. The concentration of PM 2.5 in the forest had a significant positive correlation with relative humidity and a significant negative correlation with temperature. The removal efficiency near the surface showed no significant variation through the day or year. In the forest, the highest removal efficiency occurred between 07:00 and 09:30 in summer, while the lowest occurred between 09:30 and 12:00 in winter.
Air pollution has become an increasingly serious concern in China in recent years, as economic 38 development and urbanization, automobile exhaust, and coal and industrial emissions have 39 increased year after year (Li et al. 2016 ). Fine particulate matter (PM 2.5 ), along with other major 40 atmospheric particulate pollution, has become the most pressing air pollution concern in the 41 country (Ma et al. 2013 ). PM 2.5 refers to the particulate matter with atmospheric dynamic diameters 42 less than 2.5 μm. Compared to other particles, the diameter of a PM 2.5 pollutant is smaller, its 43 surficial area is larger, and its transmission range is farther. Moreover, it contains more toxic 44 substances and remains in the atmosphere, making and it more difficult to remove (O'Connor et 45 al. 2008 ). As a result, PM 2.5 does great harm to human health and the environment (Viana et al. 46 2008). Finding ways to reduce fine particulate pollution has become a hot-button difficult issue 47 for governments and residents of affected areas. 48 Forests represent important ecosystems, and forest canopies can capture particles in their complex 49 branch structures and the stomata on their leaves. Therefore, forests have a strong role in adsorbing 50 particulate matter and removing it from the atmosphere (Freer-Smith et al. 2004 , Nowak et al. 51 2006). Studying the concentration and composition of particulate matters in forests can provide a 52 basis for innovation and research into technology aimed at reducing atmospheric particulate 53 matter. The sequestration of atmospheric PM 2.5 by forests mainly occurs in the canopy (Liu et al. 54 2015) , so researchers have focused most of their efforts on measuring and modeling the 55 concentration and composition of PM 2.5 far above the surface in the forest. Previous studies have 56 shown that the diurnal variation of PM 2.5 concentration at different heights in the forest includes 57 two peaks and two troughs (Wang et (Fig. 2) . The flow rate of the sampler was set at 100 L/min, and the PM 2.5 concentration was 109 collected every 5 minutes. We used a quartz filter membrane and burned it for four h in a muffle 110 furnace in order to avoid contamination and reduce error. The meteorological data collected by the 111 weather station included temperature, relative humidity, and wind speed. 112 Sampling was conducted from September 2014 to September 2015. Samples were collected during 113 the first 4 days of each month, measured from 07:00 to 18:00 at each sampling point. It provided 114 the same sample collecting interval and we divided the sampling period into four time periods 115 which represent the morning rush hours, morning hours, afternoon hours and the evening rush 116 hours. The weather was mainly clear during the collection period. Water-soluble ion analysis of the particulate matter was performed by soaking quarters of 124 standard-sized portions of the sample filter membranes in 50 ml of deionized water and performing 125 WAYEE IC6200 ion chromatography to determine the concentrations of selected anions and 126 cations. The main constituents of PM 2.5 were determined from these data. 127 1.3.3 Quantification of removal efficiency 128 In order to evaluate the importance of deposition of PM 2.5 in a forest environment, the removal 129 efficiency needed to be calculated. The removal efficiency differs based on a number of 130 deposition-related variables, and it was calculated using the Eq. 138 Where R is the resuspension rate of PM 2.5 , V d is the deposition velocity, C is the particle 139 concentration, is the daily average concentration, and T/t is the evaluated time. In this process, 140 R of the forest and bare land can be derived using the regression method, which can be expressed 141 by Eq. (4) (Fig. 7) . Temperature, relative 235 deciduous leaves, which are prevalent in our forested study location, had withered and fallen, and 236 the air humidity was low. As a result, the adsorption of PM 2.5 by the forest was low. In contrast, 237 the canopy was thick during summer and the air humidity was high, so the removal effects of the 238 forest were prominent. The concentration of PM 2.5 in the forest was the lowest and, the air quality 239 was at its best, during summer. This result reflects the capacity of forests to regulate and intercept 240 PM 2.5 during the year. This conclusion is consistent with many studies. For example, (Yang et Table 2 shows the PM 2.5 removal efficiencies during different seasons and time periods near the 247 surface in the forest. These removal efficiencies are based on the deposition flux (F) and the 248 average concentration; however, deposition is influenced by the deposition velocity (V d ), which is 249 related to the wind speed. The uncertainty in the data possibly stems from the fact that the 250 parameterization did not consider the processes of upward flux or rain, nor did it account for 251 measurement uncertainties. A study has found that the blocking effects in the forest were much 252 better under lower air quality grades (Cong et al. 2018), which means PM 2.5 might stay in the 253 canopy under higher PM concentration. Thus, the removal efficiency in Fig.8 was not significantly 254 different from other seasons. But what we showed in Table. 2 could indicate that the removal 255 efficiency was lower than other seasons in morning hours and afternoon hours during winter. 256 Although Fig. 8 shows no significant changes throughout the day, some conclusions can still be 257 drawn. Summers in the forest experienced the highest removal efficiency between 07:00 and 09:30 258 when the traffic was heavy and the concentration of PM 2.5 was relatively high. The thick summer 259 canopy had better adsorption rates than at other times during the day or in other seasons. Winter 260 had the lowest removal efficiency between 09:30 and 12:00. At this time, the morning rush hour 261 had passed but the concentration of PM 2.5 remained high. The poor adsorption rates, reduced by 262 the lack of foliage and low humidity, contributed to the low removal efficiency. For the bare land, 263 the removal efficiencies near the surface were influenced by the wind and the herb layer. Herb 264 layers can help reduce dust pollution caused by wind erosion, which carries particulate matter back 265 into the air . In spring, there was a very high wind speed near the surface, so the 266 particles were effectively scrubbed or moved away over time. In other seasons, when wind speeds 267 were low and the herb layer was sparse at our sampling site, the particles tended to be resuspended, 268 which led to negative removal efficiency values. (Xu et al. 2007 ). In our study, ten ions were 274 observed near surface. Anion and cation concentrations were largely consistent with a study that 275 examined lower-atmospheric aerosols in winter in a northern suburb of Beijing (Yang et al. 2002a ).
276 Most water-soluble ions had similar propotions to those measured in previous studies (Fig. 9) . In 277 our study, the concentration of Na + near the surface was strikingly high during the spring (Fig. 6) . 278 In coastal cities, Na + in the atmosphere is mostly derived from the ocean (Xiao et al. 2013) . In 279 addition to differences between of sampling sites and measurement errors, dust may also cause 280 high concentrations of Na + in PM 2.5 (Gao et al. 2011 ), which may help explain our results. 2− ] in our study was lower than others'. However, the influence of 292 vehicle exhaust still can't be ignored given the rapid increase in the number of motor vehicles in 293 Chinese cities.
294 295 3.3 Influence of meteorological factors on PM 2.5 near surface in the forest 296 A study about the influence of meteorological factors on PM 10 and PM 2.5 in Beijing found that the 297 concentrations of paticulate matter were most affected by humidity and temperature, followed by 298 wind speed (Luo et al. 2013) , which is consistent with the results of our study. However, other 299 studies had yielded different results. (Bi et al. 2013 ) performed a correlation analysis of 300 meteorological factors and PM 2.5 in Kunming, and they found that the order of influence of 301 meteorological factors was relative humidity > wind speed > atmospheric pressure > temperature. 302 Three differences may account for these research finding discrepencies: first, the sampling sites 303 were different, with our sampling site near the surface in a forest, where wind speed was naturally 304 lower; second, we analyzed different meteorological factors with different equipment; third, the 
